Abstract. Electro-optical crystals are used for real-time holography, optical data storage, optical information processing and more recently for speckle applications. Many ferro-electric materials were investigated, the Bi12 Si0 20 (BSO), a cubic, para-electric and electro-optic material was found to be very useful for real-time holographic interferometry and speckle applications. For the application of the BSO in real-time metrology, the crystals is usually biased with a transverse electric field in the 110 or 100 crystallographic direction. Illuminating the crystal with spatially structured information in the no direction as a result of a hologram or speckle pattern, a space charge field is built up, leading to a refractive index variation in the crystal. Double-exposure techniques and time average exposure will be presented for real-time deformation displacement and vibration analysis and for contour line holography using a two-wavelengths method.
Introduction
Storage materials in holography, holographic interferometry and speckle photography are mainly photographic materials based on silver halide. Possible alternatives are photoresist, dichromated gelatin, photochromic or thermoplastic materials, or electro-optical crystals.
Electro-optical crystals are discussed in this paper. Ferro-electric storage material such as Fe doped LiNb0 3 offers good storage capacity, high read-out efficiency, high resolution and reversibility, but has a low sensitivity. By contrast, Ba Ti0 3 is very sensitive to light, but is too slow as far as the response time is concerned. Promising electro-optical materials are bismuth silicon oxide, Bi 12 Si0 2o (BSO), and bismuth germanium oxide Bi12Ge02o (BGO). The writing energy for a diffraction efficiencyof1 per cent is of the order of 0·3 mJ/cm 2 for BSO and 1·2 mJ/cm 2 for BGO at A=514nm with a field applied of Eo =6kV/cm as compared with 30mJ/cm2 for LiNb0 3 · The BSO crystal is an attractive material for dynamic holographic experiments and phase-conjugate wave-front generation and real-time speckle photography. The specific applications to be discussed in the paper are real-time interferometry for deformation and vibration analysis and contour-line holography as well as speckle applications. [1] [2] [3] [4] [5] [6] [7] .
For holographic interferometry and speckle-pattern recording the crystal is biased with a transverse electric field Eo in the 110 cristallographic direction as conduction band by diffusion or external applied field. Trapping of these charges leads to a space-charge field which modulates the birefringence through linear electro-optic effect, leading to a phase-volume recording. Flooding with uniform illumination with the recording wavelength leads to the erasure of the stored information by space-charge relaxation. Consequently, reading out with the recording wavelength is destructive.
The BSOs used were mostly sensitive in the blue-green spectral region. A redsensitive crystal was also used in some experiments. The transverse electric field applied was 6 k V /cm and the dark-storage time was found to be 30 hours. The grating diffraction efficiency is of the order of 1 per cent for an applied electric field of 6kV/cm.
Real-time holographic applications with BSO crystals
A typical arrangement for real-time holography and holographic interferometry is shown in figure 2 . The interference patterns of the object wave and coherent planereference wave are stored in the crystal. By retroreftection of the plane-reference . . . [8] wave, the phase-conjugate wave front of the object wave is reconstructed in realtime. Therefore, the reconstructed wave front is not only reflected but is the phaseconjugate, allowing imaging through phase disturbing media [11] . For real-time holographic interferometry, using double-exposure technique, the object wave is at first stored in the crystal. The second exposure takes places after the object deformation. Reconstructing the original and deformed wave fronts leads to interference fringes related to the deformation [3] . Fringes occur after the second exposure has taken place, see figure 3 . A harmonically vibrating object recorded in the time average leads to the time-average fringe pattern in quasi-real-time. Figure 4 shows the result of a vibrating membrane recorded in the time average in the BSO. A storage tube was used for automatic fringe analysis. In figure 4 the exposure time was of the order of 1 s, and the frequency of oscillation was 500 Hz. The time constant to build up the hologram to saturation needs to be long compared with the vibration period [8] . The dark fringes correspond to the zero of the Bessel function 1 0 , The intensity I is given by:
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Real-time contour-line holography
Contour-line holography in real-time can be a powerful tool for contactless measurements. An experimental arrangement with the BSO as storage material and a two-wavelengths technique is shown in figure 5 when the object is illuminated simultaneously with two wavelengths, Al and A2' The angle of the incidence-plane wave was B q • The hologram is formed by superposition of the image of the object formed via Ll and L2 and the reference wave containing Al and A 2 . By reconstructing the phase-conjugate wave, either the wavelength Al or A2 can be selected by the appropriate angle of the mirror, i.e. the reconstruction will satisfy the Bragg condition. Since the crystal is optically active, unwanted light can be blocked with the analyser A. The reconstructed image wave fronts travel backwards through the telescope and are coupled out with a beam splitter as shown in figure 5 . The separation of the contour lines [7] for It112 sin Bq = sin B. is
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where AI, A2 are the wavelengths used and Bq and B. are the angles of incidence for the illuminating and ~eference waves. 11 and 12 are the focal lengths of Ll and L 2 · With the configuration chosen, no grating for compensating the angles for the two wavelengths of the reference wave is needed [9] . Moreover, the angles B q and B.
can be small and the telescope lenses can then be used for collimation. In figure 6 (a) the reconstruction of a metallic surface is shown, and in figure 6 (b) the real-time contour lines were obtained for Llz= 13·9 11m (AI = 520·83 nm, A2 = 530·87 nm of a krypton-ion-laser). The separation of the contour lines can be selected by choosing the appropriate wavelength pair of a krypton or argon laser. The adjustment of the object is carried out in real time. For figure 7, the object was illuminated with two pairs of A, namely Al =476·24nm and A2 =482·52nm leading to 
Real-time speckle applications with BSO crystals
Real-time speckle photography was found to be very promising for analysis of deformation, tilt and displacement [5] , or for time-average recording for vibration analysis [6] . The experimental layout is shown in figure 8 . For the double-exposure technique, the speckle patterns are recorded before and after the deformati()n or displacement, leading to pairs of speckle patterns recorded in the crystal with the wavelength A 1 • Of course, no reference wave is needed for the speckle-pattern recording. For displaying the Young's interference fringes in the Fraunhofer plane, the wavelength A2 was used. The absorption of the BSO for Al = 514 nm is 2 cm -1, and for A2 = 633 nm is 0·28 cm -1. Therefore, no storage device is needed for the speckle technique. For the automated fringe analysis, TV technique can be used as indicated in figure 8 . For tilt analysis, the BSO is placed in the back focal plane of the lens L\ [10] or in the image of the source. Figure 9 shows the results of a real-time tilt analysis with a tilt of 26 arc sec between the two exposures.
For a harmonically oscillating object the speckle pattern can be recorded in the time average in the BSO. Fringes obtained in this way, in the Fraunhofer plane, no longer follow a cosine-square law but the square of the Bessel function, of order zero and first kind [6, 10] . From the minima of the Bessel function, the amplitude of oscillation can be found. In figure 10 the fringes for a metallic object oscillating in the plane at a frequency of nearly 1 kHz with an amplitude of 47 11m is shown. Fringes were obtained 1 s after starting the exposure. For comparison, figure 11 shows the fringe pattern obtained from the same harmonically oscillating object recorded on the thermoplastic material. 
Conclusions
Electro-optical crystals were found very useful for quasi-real-time contactless measuring techniques. The BSO appears to be particularly attractive for in-situ interferometry and speckle applications. The experiments take advantage of the high phot6graphic sensitivity and short time constant for recording and erasure. 
